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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high strength 
cold rolled steel plate having tensile strength of 780 
MPa or more, excellent in a balance of 
strength-elongation and, moreover, a balance of 
strengtha pore expanding ratio and excellent in stretch 
flanging workability in particular and to provide a 
method for producing the same. 

SOLUTION: A steel stock containing 0.05 to 0.15% C, 2.5 
to 3.5% Mn and 0.05 to 0.3% Ti is heated at 1,050 to 
1,250**C and is rolled in such a manner that the 
cumulative draft in the low temperature region of the 
dynamic recrystallizing temperature is controlled to 60% 
or more, the final draft to 15 to 30%, and FDT to 850 to 
950°C, within 0.5 sec after the completion of the 
rolling, cooling Is started, and the same is cooled at a 
cooling rate of 30*'C/s or more and is coiled at 350 to 
550°C to form a hot rolled plate. Next, the hot rolled 
plate is subjected to cold rolling into a cold rolled 
plate, is thereafter subjected to continuous annealing 
in the range of (the Ar3 transformation point) to (the 
Ac3 transformation point + lOCC) and is subsequently 


subjected to rapid cooling at 40 to <100*C/s to 200 to 
400°C to form a steel plate having a structure 
containing fine bainite with the average crystal grain 
size of 5.0 ^or less as the main phase. 
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(54) [%i;9c9«|)i] 2inxm{can:&AllS?&jlifl«^J:i^-€-<oS!jft;&j£ 


(57) mm] 

[mm] ?I?i^§780MPaiy.±^*L> 5$S-#i^><9 

7 9 > vSDl14lcfl|*t/cjg55I)Sit]g««i3 J: U^-eoSg 

im^^&] C : 0.05-0.15%. Mn:2.5 -3.5 %, 
Ti : 0.05-0.3 %^r#qfr1-aii^#^. 1050~1250'C<7> 
SSUjplBtL. i!)6<)S*£a^BiaKffi:iaJtr-^«l±Ti : 60 
%m±. S^ET^^S : 15-30% t L, FDT«:850 -95 

0 ttt. fi--mrt(z<^i|]^m$&L, sot; 

/ s Jii±cOi^*|]jiJST-?^*P L. 350 - 550'C-C-5^iflX'9 

(Ac3 - (AC3 ^m^r.+i00 "C) OteHf 

aMMM^SSLTtf^. 40-100 X:X&^mx-2O0 -400 
ri-Cf-i^L-C. ¥1^^B^B«):S5.0 M«> i^XT<DWm^-i 


(sointci.' wsmn 
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C : 0.05-0.15%. Si : 0.05-0.50%, 

Mn : 2.5 -3.5 P : 0.02%iJ,Tx 

s : o.oo35%t:i.T, ai :o.i %JaT, 

Ti : 0.05-0.3 % 

[ii*«2i m^^mzmk.^h^z^ S4%r% tie 
le 

Afi^ : cr : 0.01-0.5 %. cu : o.oi-i.o %, ni : o.oi 
-1.0 %. Mo : 0.01-1.0 %> V : 0.01-0.3 %, Zr : 

0.01-0.3 %, B : 0.0001-0.005 %(Oo itti 
(± 2 «fiL Ji, 

BS^INb: 0.005 -0.05%, 

CP : Ca : 0.0001-0.005 Rai : 0.0001-0.005 % 

<Oo-t,<o 1 ttf 2 

c : 0.05-0.15%, Si : 0.05-0.50%, 

Mn : 2.5 -3.5 %, P : 0.02%JiiT, 

S : 0.0035% J-JIT, AI :o.i %JilT, 

Ti : 0.05-0.3 % 

^i-i>mm¥t'S:. 1050-1250t;<75ia)^i:TOP*ii-^;6\ 
*^i/Mi1050-1250T:Oza)^l-^cT^^'b, UKS^B^a 

ja)SEffiia«-e(^BET>'<;^*4>'<;:^j'j.ji, «e*»s^Biiiaj* 

ffiSJtr*<7)|^BtST» * 60% JJ>±T-d-oiJiS«jS$£B^Bia« 
{g:iai^T'<7)ft*^ST^^15-30%t L, it±lff±mi^T 
£«FDT^850 - 950 X: t-ri>mMSMimL. felfe 

(Tii^mMmr-i^^L. 350 - 550X:X'm ^M'0»M^t 

^i^M«lc (Ac3^,m*) - (Ac3a.^,* + 100 

e>40'C/s J.J>±100 X:/ s *?S<Oi^±PjiftT-200 -400 

IB (Am - (CP) <r>o-ib^^hmiS*tfzi^ifz(i2 

le 

AP : Cr : 0.01-0.5 %, Cu : 0.01-1.0 %, ni : 0.01 
-1.0 %, Mo : 0.01-1.0 %, V : 0.01-0.3 %, Zr : 
0.01-0.3 %, B :o.oooi~o.oo5 %<r>o*><r>\m.ttz 


i± 2 aj'jL±, 

Bp : Mb : 0.005 -0.05%, 

CP : Ca : 0.0001-0.005 %, REM : 0.0001-0.005 % 
[0 0 0 1] 

70 jg^§l?i5fi$^«780MPay>±<7)S^JKi<^M^«t;#'5, <!: 
[0 0 0 2] 

?rPPSll-t -5. i<) -ffiffl $ / O ^ N--a5p°„ ^ > ^' 
h t:-A^i;'(Jffl-r-2>P«t-l±, 590MPa^r^x^ie55tl^ 

20 si*ifb<7)SM^itfiS:-r^;t:i<)i-(±, ^im^^-hmowai^x 

[0 0 0 3] vt^i)^h. m(r>mmmt tr, upxs 

5tft<7)iisnic#v^]^1t75*®Tt, J!)PX1t75*^^^[:i--?>o iS 
JO co<t^^Spxtto^^^t^EtitL7^c?«5i:'jffl«t LT, y 

ti*$ttTV^-5,„ ^xlf, #ig¥4-236741-f-&«lCI±, 

f/iim* (780MPa) m±-C*-o|^ffeJt**60%JJilT«r*i-'& 

4-236741-i-^#(-:^:Siit^j^«i±, (TS) -WV 

(El) /N'T^-X (TS) X (El) 7J«17000 - 25000 MPa 
%fc«tLfctDXliSr*Lrv^-S**, ®JS (TS) -;^i£»f 

40 ( A ) > X34?.£>-r t ^> < , TtMtf iOX 

[0 0 0 4] ttz. ^t|g¥7-188767-f-<&^ir(i, #0^7 

Tv>^o -Ol$iB(±, fijt%T-, C : 0.03-0.10%, s 
50 I : 0.3 -1.0 %, Mn: 1.6 -3.0 %^*L, *«.w^l± 


-2- 



i:A3 »*J-j.Ji9oo x:i^xrx'^mL. eoo *cw.±cofi 
ScH^hm -500 "C/s&'Oi^aijSR-ezoo -300 "Cf -c 
.t.<tL, ^v^T200 -400 x:r'^^it:(iWtmLr^ 
^^■r^ h ±#:«oa^^* I?R?^ $780MPam±<^#y-' 

L*>L't**<b, iRFra¥7-188767-)|-4::«lZfBlft$tl. 

/cSffiT-Sj£?ti-fc^«(±. ®«-#OVs-7>X (TS) 
X (El) 75*14000 -17000 MPa %^ST-* ») . 

14 «: * L T t { i V ^ X 5r V > o 
[0 0 0 5] ttz. #|g¥l0-237547 -f-fi-#tCI±> itSig 

%-c% c : 0.08-0,30%, Si :o.i -2.5 %, lln:0.5 

-2.5 $<b«CCa : 0.0010- 0.0100%?:^*, 

v^r-?iSfj^i<&L, 450 - 800 roiasit^^fjioo r/^- 
m_hT-^AixL. 200 -450 x:r'i&m^fekmimir z t 

l-J: OSgjiStv-Sc L5j»L^*«e>, #Pg^10-237547 -f- 
&«mBlfe?*t;t^«l±, (TS) -7ti£tf^ (A) 
(TSXA) tJ* 65000MPa %J'J,T@)S t ?\i£tfiJP 

1- * J£ -S. «r * L T v» ^ t (i V » X. v^o 
[0 0 0 6] 

[l§?q:^*«*LJ:^ t-r^Ii^] 3p:%?g(±, ±ULfzm. 

mim<r>mmim^L. ?i?B?4$ 780MPaj^:iL±t*L, ^ 
^-gat^t-f'&o 'tis. :$i%mm^X'ii.. ?i«-#yvs-9 

>;^OBl5Ht{±, T5XEI*«19000MPa%iy.±> #l>"7-7> 
BH-ltl*, TSX A 75S7400ayiPa%m±i: LfZo ^iJ. A J± 

;^fi£{f^ (%) T-^>^„ 

[0 0 0 7] 


(3) ^gfl 2001-220647 

[0 0 0 8] *l6?gi±, ±fBL;tfiim{;So'i. ?c,t; 

5^fi, K»%-C% C : 0.05-0. 15%, Si : 0.05-0.50 
%, Mn:2.5 -3.5 %, P : 0.02%aLT, S : 0.0035% 
Jil.T, Al :0.1 %WT, Ti : 0.05-0.3 ?S 

J*jSB^*iS5.0 ;«m JiiTcoSi^B^^'^^' hS:80%i^±<0 

/o {c*nx.$«=jtc, ®»%-e, '-k (A») - (cs^) 

A» : cr : 0.01-0.5 %, Cu : o.oi-i.o %, Ni : o.oi 
-1.0 %, Mo : 0.01-1.0 %, V : 0.01-0.3 %, Zr : 
0.01-0.3 %, B : 0.0001-0.005 %od *,<75 la* ;t 

(± 2 

BP : Mb: 0.005 -0.05%, 

CS : Ca : 0.0001-0.005 %, REM 10.0001-0.005 % 

<r> n *>*-f>Sif tL/j 1 Wi.tz\t 2 mx±.^'^^-fz> z t 
20 [0 0 0 9] »2o*l&wi±, Sfi%-e, c:o. 

05-0.15%, SI : 0.05-0.50%, Mn:2.5 -3.5 %, 

p :o.02%mT, s : 0.0035% j-:jlt, ai :o.i %i-XT. 
Ti : 0.05-0.3 nuFeisxwfsime^yf^m 
m^h^j:^m.mi^-r^mmui. io5o-i25o'cos)s 

l-SJtlDS^ t" * ^ V Mi 1 050 - 1 25010 <r>iS.m. ^ o T 

±, ifte<)W*ssiaftfi:iaM-eoi^aETS?:60%m±-c- 

^^ofifitilf ^gelSafiiaJt-ecOS^ET^ 1 5-30% t 
L, ft±lfaE5£*?-7ja)^FDT^850 - 950 "Ct-f^?^ 

$&L, 30'C/sJ'J.±O}^*pajR-eJ^*PL, 350 - 550-0 

Li^5£«t L7^-:0^, (Ac3^.^.*) - (A 

c3^.^„^.+ioo "c) <r>mm(r>^mi^stxmmmm.'km 

L, ^«feMia**''b40"C/sJJiJi100 1C/ s *?B<OJ^±|] 

iliS-r-200 -400 roiasj^f X'»:<^i-i> z t i^mt 
-r i> i,zmfifz^?mr^mmw.<7)mmi:fjmx$>^ „ 
s^i, m2<D:^mmx-ii. mtim.^<i~Mx.x^hiz^ g 

a%T% (Ai^) - (Cif) 
40 AP : Cr : 0.01-0.5 %, Cu : o.oi-i.o %, Ni : o.oi 
-1.0 %, Mo : 0.01-1.0 %, V : 0.01-0.3 %, zr : 
0.01-0.3 %, B : 0.0001-0.005 %<r>o*><r>i9.ttz 
ti 2 aJJi±, 

Ba^ : Nb : 0.005 - 0.05%, 

CiP : Ca : 0.0001-0.005 %, REM : 0.0001-0.005 % 
Od*,<01ttt/cli2a[ 

10 0 1 01 

50 II&Wo«ifi<o®)Kl i-r, 3|s:%Wws;^iSJ^ail«o 
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it^f&^m^miiiz^^^risLm't ^is. j^t. Rg 

C : 0.05-0.15% 

?l5S?S$780MPay.±^t#^/ji6tC(i. {i^^^^j: < t i>0.05% 
<7)^*^'£^^i:i-^o 0.15%^®xT^*f >i> 

t. ^14. JPXtt^&^^^ft-r^o CO/::*!). CiiO.OS-- 
0.15%Oj£HHffi^L^Co Jfcis, *f4 L< (i0.07-0.09 

[0 0 1 1 1 Si : 0.05-0.50% 
Si(i. 5iSf^±t::S-^-r^7C*-C**9. 2^f&?gr-(i0.05 

%i^±<7)#*^£^l?^'t'i>o o.50%tSx.r^;t 

05-0.50%O<gHt::E3eL/io J&i5> «ftL<(i0.10- 
0.30%T'*-?)o 
lO 0 1 2] Mn : 2.5 -3.5 % 

mmi^^i-^ h^iBEtir^hmm^zL. m^mm 

i^z^^mitir^o coJ:9^?*^(i. 2.5 %jy.±co^W 
t:!g*!>tbtt-i>;6^ 3.5 %im^X^^ LX 
-tho ^<r>fzib^ Mn(i2.5 -3.5%oteHt::lS^L7t:o 
[0013] P : 0.02%jy.T 

co/::^. Fm.02%\^lTi^zm^LfZo ^ib\ iffi L < (i 
0.005 -0.015 %X$>^o 
[0 0 14] S : 0.0035%J^J.T 

S(i:t: §^/ittffi:i«i-'i)07&^^MS Lv^;&^ 0.0035% 

TtKifiJDXtt testes ^ St? ? ^v^o coj:o^c^7^^ 
tb> S(i0.0035%J':JlTtlK^L7t:p UiL<m. 
0020%i^TT*ab^o 
[ 0 0 1 5 1 A! : 0. 1 %J^J.T 

AKi. ummtLxi'fmL. ^ hizj\^(r>^mitm^j& 
^Tc^-e^^^^ 0.1 %srSx.^^*(i. mimm^^ 

'ft^^-^^o Z(7yfztb. AUiO.l %jaTilgl^L/Co 5: 
«FiL<(i0.02-0.06%-r*^o 
[0 0 1 61 Ti : 0.05-0.3 % 


(x^y) JoStgPt-eTiC ^trffitL. Wm^'-:^r' 

^m,mk<nr^is^^mx^^'r^ ha^^i#^i-< t-^^ 

v>^S&*^>*>2>o C<7)i:^^Jij:i:(i. 0.05%W.±O^* 
XUibhiX^o -15. 0.3 %*Sx.^-g'*(i. SK^^f 
ffiiK/75'^^^»UB^^n. #CK^'7^>viPX14;^^^ftT-r 
70 -07t:*:>. TifiO.05-0.3 %<7)KHUl®^ L/Co 

is. »St<ao.l -0.2 %-e*^o 
[0 0 1 71 ±M\^fzJSL^\zmx,X. ^hK (Am) - 

{cm (Doht^hmiffifziwtfz{t2mi±iiZ^t 

it:h7tm'k£^mizi;BC^^X^^o 

AW : Cr : 0.01-0.5 %. Cu : o.oi-i.o %. ni : o.oi 

-1.0 %> Mo : 0.01-1.0 %> V : 0.01-0.3 %. Zr : 

0.01-0.3 %. B : 0.0001-0.005 %(D^^<Dimtfz 
(i2ttJ^:X±. Cr. Cu. Ni. Mo. V. Zr. B(iv>1"tlt. 

[0 0 1 81 Cr. Cu. Ni. Mo(i. #tf OftT^JtKfi^/h 
5^<W;i7t:^x.T% iic0?4«?rJiJP$-li:-2>O{l*Ji4^7C 
^T-ab*), 0.0^%(D^^X%^'^mibhflho Cr 
{iO.5 %*. Cu. Ni. Moiil.O %^^x.T#*LT*)^aj 
*>^i^^ia?nL. ^-^i{zn.^n^ii^i)mWX^ti:^^o Z<D 
fzit>. Cr{i0.01-0.5 %. Cu(i0.01-1.0 %. NiiiO.OI 

-1.0 %. Moiio.01-1.0 %(r>mmt'r^<D^mtL 

v^o 'fciJ. J: J)ftf4 L < (iCriiO. 1 -0.3 %. Cu{i0.1 
-0.5 %. NifiO.1 -0.5 %. MotiO.I -0.5 %T*afe 

[0 0 191 V. zr(i. m(7>mmi:mm^^^tti, 

tt0.3%*©x.T^*Lr *>?A*76^^fi&fOL^ 
^dSft*;&^#-e§iv>o ZCDfzib^ V. Zrti-eti-Ptt 
0.01-0.3 %OteH^'r^O:^^^iff4 Lv^o J:»9*f 
i L < (iV(i0.01-0.1 %. Zr(±0.01-0.1 %Xf>:ho 
[0 0 2 01 Bii. 5^Atvi±?:liJp^-t±-T. ^^^^f h 
*<7)ifcK«o«fffi*B*lhL^>f :h>f L 

(i0.0001%a.±<7)^*r'|g*!)ibtt^o 0.005 %Sr 

Sx.r#*Lr^)3gJSr^^i:^Oii^P:6^^#^btl5&V^o CIO 
fzib. B(i0. 0001 -0.005 %<^mmtir^<Dib^tt!'tL 
v^o J: »9fiF4 L < JiO. 0001 -0.0020% r-^-So 

[0 0 2 11 Bg^ : Nb : 0.005 -0.05%. Nbii. NbC m 

t LxvfaL&m<r>^mitiz^mzim-r^itmxi> 

50 7tl5:tfiPXtt«rffi]±$-^^i»m«:*LTV^^o - 
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m 

005 -0.05%<OteHi:i-'S)<r>75*if i Lv^o i>)<(f 
f L < I40.02~-0.04%-e*)-2)o 

[0 0 2 2] CP : Ca : 0.0001-0.005 %. REM : 0.00 
01-0.005 %c09t>Oltti?tl±2tt 
Ca. RBI li. v^rtttm^^^ft-ftieJ^r^^^cftLT, (c- 
:^3*4'JSS:i«^!'-?-<irT, #r>"7 9 > v^)Di14«^l^±?-ti■ 
So CtLt>cO?i»(±Ca, REM t ^> 0.0001 %J-J.±0#*T- 
IgtoibitS**, 0.005 %5:Sx.T-t-*Lr '{)5S!;:^5i*taft 

a : 0.0001-0.005 %s REM : 0.0001 -0.005 %<O^H 

[0 0 2 31 ^^ib^ ±IBL/^fiK^5-mo^a5l±R9iJj:t>' 
0.0060%J'1T, O : 0.0060%J'JlT3>»lt§-e#So -hlBL 

T<o8^«B-^'1':^'f b «-ffia5p-e80%Jii±<o^^-e-t-tra 

^ /N'-^-f %S:^--X-r^^' h ^'&it20%J':Jl 
T. »S L<l4lO%;-JlT-&*LT<{><J;v^o iiJ1f*«20%^ 

•t->&o hS-3£ffltLT. 80%mJiO^$r-#* 

[0 0 2 41 J7t, if-W^WM<n'im.\t. 
5.0 //m tl.TO^-x^-^-^' y-^^i^h-thW^h-t 

Ti!l^-t-St<^t JIS G 0552COa^tcm»LTII@ 

-So 

[0 0 2 51 ¥^igBli^g*«5.0 A' I" iJlTOlSii^'f 

^ h^^ffifc LT80%W.±O:9-s^r'-i-tj-a^i:i-.2.w t 

S«:5.0 J-:iLT, fiFiL<<±3.0 J'J.Ti:-tS;'ci6 
[0 0 2 61 ±iBL7ta«<7)^Si?r|£<p, €^^^<7)ji 


(5) 2001-220647 

I 0 0 2 7 1 ^%Vinmm^l^ : 1050-1250t: 
-2>;t*lZ, 1250'CJilT, J:»)«ft L<J±1200"CJ'J>T, 10 

5ovi:k±i,'mmiri>o tfz. m.mi±.m^i>^^i>. 1250 

'CJy.TIOSO'Ciy.iOzaSi: Lfz<r)*>E.mi:mii^-th<7)^^ 

W:-rhfzif>iz^ spiftiasiii050'cm±i:i-'?>o 
[0 0 2 81 »ifi«jsfeB^Biaserais-^<7»E® : iet/n-;^ 

20 4/<>^Je)l±, ^«ET«:60%J':il±. S«l-lET2$:i5-30% 
*J It SftKE® (i . fftSt) W^B^aiaSf&SitT-O 

ETSSr60%JBL±i: *-o»6<>SSBliS«fi:ia«-C-<0 
ft«?-ET^^ 15-30%. tt±tflE®f?-TiaSFDT?r85 
0 - 950 X:t-ti>SMt-rho ZKizX*). •^-Xf-'i- 

[0 0 2 91 ^m^X'\<^nWim^m^w^^WLmt. m. 

#35- ^16 inns L f>:S6 WWiSSSS J: ») *5ci- -2. <> O ^: 

1-So mmnm^B^mt^ m'^^s,. jps^ia*. mT-^> 

ETffi^^T-'S'^L-r-5)*^ 850 -HOO'CoSI^^HI*! 
T% ii«250 -100 t:<Oitii-e#ft-rS i:V^*?n-Cv^-S>o 

m^B^Wimiuz^Mx$>ho ^^mx[t. mtfjm^^^ 
40 *> (i&Kii?*SB^ait<oTKia«) +100 x:\:x-rt'fz>o 

[0 0 3 01 IftfifjS^Bmjait-CJIOdiLETSrJt-rc 
fi*lffi:ia-C««iSfea S: iB C $ -tJ- S 0 < * Ji f * 

[0 0 3 11 t^c, Ii;«lS*SB^Blg:iaJt-eoET5|;i±> 16 

50 ti\,>i)\ »fl«jw^sea«-eo«*?-ET=£:Bfel', 1 



Mfzio 4 -20%. ti{-tL<(i20%^mti-i,<r>AmtL 

a. »6«)ff$SB^BfiiaJtr-O^«ETfi(±60%Ji]l±t1- 

[0 0 3 2] itz. 2^||?gT-(±. Sllfi<)S^^aSaitT-<7) 
S^JEETI±> JET-^lS-SOrot-r^o ST^7!i«15%*?« 

07r:iSj-m:-l,^-XT-:f-'r htia«7)^J4;-75?^i:. IS 

^ o 

[0 0 3 31 tt±«fmM«^TiaSFDT :850 -950 r 

*l&?gr-(±, ft±«f)±]i2*?-Tia)SFDT^r850 -950 "C 
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